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Abstract: The aim of this study is to analyse the evolution of the European regional agricultural productivity in terms 
of convergence. The initial hypothesis is that, in spite of the integration process, the agricultural productivity does not 
converge to the same stationary level. Additionally, we try to identify the decisive factors affecting such productivity 
growth. Productivity related information comes  from Cambridge Econometrics database for a set of 125 EU-15 
regions in the period 1985-2004. The methodology used consists in traditional beta convergence regressions. The 
difficulties with cross-sectional estimations require the use of panel data techniques for a better estimation of the 
speed  of  convergence.  The  main  results  show  that  convergence  occurs  to  different  stationary  states  and  the 
productivity growth is related to the loss of agricultural employment and to the levels of investment. Moreover, 
subsidies of the Common Agricultural Policy (CAP) do not have so far an important role in the productivity growth. 
It seems that the solution to improve agricultural efficiency is not to increase the market support. CAP instruments 
should be redefined to stimulate sector investment.  
Keywords: agricultural productivity, beta convergence, panel data, Common Agricultural Policy 
1. Introduction 
Since the beginning of the European integration process, agricultural imbalances have been one of the 
main worries in terms of economic policy. According to neoclassical theory, economic integration entails 
liberation  and  integration  of  markets  that  will  lead  to  convergence  in  the  long  term.  In  this  sense, 
divergences  will  be  temporary.  Diminishing  returns  of  capital,  factors  mobility  and  technological 
catching-up will allow productivity to converge to the same long-term level. Nevertheless, in this paper 
we assume that a set of explanatory factors might delay the convergence process in the agricultural sector. 
Examples are natural conditions, climate, geographical situation, specialization pattern, proximity of the 
consumption centre, innovation capacity, dynamic externalities, public intervention or stock of productive 
factors.         
Therefore,  convergence  process  may  occur  slowly  or  discontinuously  in  time.  The  convergence  or 
divergence  generating  mechanisms  are  more  extended  and  complex  than  the  ones  stemming  from 
neoclassical approaches.  
The aim of this paper is twofold. Firstly, we analyse if there is a convergence process among agricultures 
in terms of labour productivity. At the same time, we try to identify the factors conditioning the sector 
productivity growth. Among these factors, public intervention through the Common Agricultural Policy 
(CAP) could have an important role. From the effect of sector aids on growth productivity, we will 
evaluate the effectiveness of agricultural policy on intra-sector imbalances.  
The variable of study is real Gross Value Added (hereinafter GVA) per worker at basic prices. The 
analysis  is based on a sample of 125 EU-15 regions, referred to the period 1985-2004. Productivity 
related  information  comes  from  Cambridge  Econometrics  Database,  which  complements  REGIO 
database from Eurostat, filling the gaps of the European database.    
The  methodology  of  the  study  consists  in  standard b-convergence  regressions  where  convergence  is 
identified as the existence of a negative relation between the initial productivity and its time-average 
growth rate. This approach lets us analyse the role of several variables in the productivity growth and in 
the convergence process. Nevertheless, the difficulties with cross-sectional estimations when it comes to 
take into account unobserved heterogeneity require the use of panel data techniques for a better estimation 
of the speed of convergence.   3
The  paper  is  organised  as  follows:  Section  2  overviews  the  theoretical  fundamentals  around  the 
convergence debate and briefly surveys the empirical evidence for the regional agricultural productivity 
in the EU. Section 3 describes the methodology adopted. Section 4 summarizes the characteristics of the 
data. Section 5 illustrates the results and, finally, Section 6 presents the conclusions.   
2.  The  theoretical  fundamentals  of  convergence  study.  Empirical 
evidence from European agricultures   
In the recent decades, the study of the relation between economic integration and convergence has been a 
matter of high importance regarding the European integration process. From a theoretical point of view, 
its study is closely related to the different economic growth models. The derivations and predictions of 
the two main growth models, neoclassical and endogenous growth models, are very different in terms of 
economic convergence. In this sense, convergence hypothesis has been used to test the empirical validity 
of both models. In spite of the vast literature generated, controversy still remains.  
Traditionally, the convergence analysis has started from the Solow’s neoclassical model
[1]. Diminishing 
returns of capital, free factor mobility, free trade and technological progress diffusion are the mechanisms 
which explain absolute convergence. Productivity dispersion should be reduced, and backward regions 
should  grow  more  than  the  most  productive  ones  until  all  of  them  achieve  the  same  long-term 
productivity level.  
As a result of the development of the new endogenous growth models, the convergence hypothesis has 
been  discussed.  If  we  accept  the  assumptions  of  these  models  there  will  be  not  a  common  final 
equilibrium  because  growth  is  accumulative.  Together  with  physical  capital,  these  theories  take  into 
account  the  role  of  other  factor  such  as  technological,  human  and  public  capital,  which  generate 
externalities in the growth process
[2,3,4]. These sources of growth foster a virtuous circle of productivity 
improvements that drive to an accumulative and sustained growth due to the non-diminishing returns of 
these accumulative factors. 
Nevertheless, under the neoclassical approach, the studies carried out in the early nineties by Barro and 
Sala-i-Martín
[5, 6, 7] introduced the possibility of convergence to different stationary states. These analyses 
underline the existence of differences in the variables determining the stationary state. The result is that 
the differences in productivity among regions remain in the long term, which casts doubt on the absolute 
convergence. The convergence is conditional in the sense that regions whose productivity is far from their 
equilibrium level will grow faster than the rest, but each of them approaches to its own stationary state. 
This definition of convergence is compatible with the persistence of long-term inequalities in productivity 
among regions, but it does not prevent regions with similar characteristic from getting closer in time. 
Surprisingly enough, this notion of convergence does not really imply a drop in the long-term disparities.  
With these arguments, the neoclassical model results have approached conclusions of endogenous growth 
models. When the neoclassical model predicts convergence under certain conditions, it is possible to 
maintain the productivity inequalities. Differences in the allocation of human, technological and public 
capital, in knowledge or investment levels, among other factors, condition the convergence process and 
entail that regions with common characteristics converge to similar stationary states.  
None of these two approaches thoroughly describes the convergence process. In fact, some authors point 
out that predicted scenarios stemming from both theories are plausible in different periods of time
[8]. 
Diminishing  returns,  technological  diffusion  and  structural  adjustment  may  operate  as  convergence 
factors,  while  increasing  returns  because  of  accumulation  of  human  capital,  knowledge  and  R&D 
resources could operate as divergence factors. Empirical evidence is crucial to disentangle which is the 
best approach. However, the main weakness of the convergence analyses is that, even in the case of 
correctly  detecting  the  conditioning  of  convergence  process,  they  do  not  formally  explain  the 
convergence mechanism.    
Some  relevant  studies  have  appeared  in  the  last  years  in  the  field  of  European  convergence  across 
regional agricultures. Nevertheless, evidence on this topic is still limited. Paci
[9] and Paci and Pigliaru
[10] 
are  among  the  first  pieces  of  work  to  take  sector  into  account.  They  find  no  evidence  of  absolute 
convergence in labour productivity in a sample of 109 European regions during the eighties. Conclusions 
vary when national dummy variables are introduced into the model together with one dummy to identify   4
Southern European regions. Convergence occurs inside the agricultural groups, but it has been quicker in 
the Northern regions.     
Gil Canaleta
[11] finds absolute convergence in agricultural productivity, but the rate of convergence is 
slower than in industrial and service sectors. This study, together with the previous evidence, underlines 
the importance of agricultural resource transfers to the rest of productive  sectors for  convergence in 
regional income.    
Other studies go further on and deal with the agricultural regional convergence in detail. Colino et al 
[12] 
and Colino and Noguera
[13] analyse the intra-sector convergence in 98 European agricultures in terms of 
labour productivity, measured as Total Gross Margin per Agricultural Work Unit (TGM/AWU). The 
results show the inexistence of absolute convergence because of the performance of the most productive 
regions.  Convergence  only  occurs  among  agricultures  with  similar  structural  and  productive 
characteristics. The rate of convergence is higher among Southern regions than among Northern ones. 
The  differences  between  Northern  and  Southern  agricultures  have  been  also  pointed  out  by  other 
studies
[14]. Productive efficiency is very much conditioned by the differences among the several structural 
patterns of agricultures. Therefore, these differences condition the process of intra-sector convergence.  
Castillo and Cuerva
[15], confirms that the agricultures located in less development regions converge more 
quickly to their stationary state level of productivity than the most developed ones. The main results show 
that regions specialized in Continental products, with a great public support from the CAP compared with 
Mediterranean products, have registered higher productivity increases and, therefore, have earlier got 
closer to their stationary state. The results reveal the positive effect of the CAP on the convergence 
process, biased to the regions specialized in Continental products. 
Although  the  convergence  equations  are  considered  the  standard  form  of  testing  the  convergence 
hypothesis, approaches related to the dynamic of the distribution have considerably enriched empirical 
discussion in the last years. These approaches have served as alternative or complement to the traditional 
analysis
1. Analyses carried out by Ezcurra et al
[17, 18] are among the most relevant ones. The authors find 
little mobility within the agricultural productivity distribution. This fact confirms the persistence of the 
disparities among agricultures at the regional level and the difficulties to eliminate them in the future.    
The present work pursues, in the line of the convergence studies, to test the convergence hypothesis under 
the assumption that convergence occurs to different stationary states, in spite of the reinforcement of 
common market and the existence of common guidelines marked by the CAP. We also try to identify the 
factors which could lead the productivity to converge. 
Nevertheless,  methodology based on cross-sectional regressions could bias the estimators because of 
omitted  variables.  This  bias  tends  to  infra-estimate  the  convergence  coefficient
[19,20].  Panel  data 
techniques  avoid  this  bias  and  easily  take  into  account  the  time-invariant  unobserved  heterogeneity 
among regions. The limits of these techniques come from the lack of explanatory variables in the whole 
period of observation.    
3. Methodology 
 
The most common methodology to test convergence consists in regressing time-averaged productivity 
growth on its initial level for a cross-section of economies. This model is known as convergence equation, 
developed by Barro and Sala-i-Martín
[5] according to the typical Solow’s growth equation. The form 
would be: 
(1/T) ln (yi,t/yi,0) = a - b ln yi,0 +ui,t                                                    (1) 
where yi  denotes the agricultural productivity of region i (i =1,2,…N);  a is a constant which reflects the 
variables  determining  the  stationary  state;  u  is  a  disturbance  term  which  represents  the  unexpected 
                                                 
1 Quah
[16] was the first to propose this type of approach applied to the convergence analysis. He outlined that the 
convergence equations provide a suitable form of summarizing the behaviour of an average economy, but they do not 
hardly give information about how or why the distribution changes in time or how the economies are moving within 
the distribution   
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changes  in  the  production  conditions  or  preferences  (with  zero  mean  and  constant  variance,  that  is 
distributed independently of the explanatory variable); T is the length of the considered period; 0 refers to 
the initial year and t to the final year.   
The  correlation  between  the  initial  productivity  level  and  its  rate  of  growth  must  be  negative  and 
statistically significant. That will mean the backward regions grow more than the most productive ones, 
so that they approach a common and unique level of productivity in the stationary state. This process is 
known as absolute b-convergence.  
The main advantage of equation (1) is that it could be estimated by Ordinary Least Squares (OLS), so      
b = -(1/T)(1-e
-bT), where b coefficient represents, directly, the speed of convergence to the stationary 
state. In such state the productivity stops growing. That implies:  
 ln(yi,t/yi,0) = 0                                                                      (2) 
and the level of productivity in the stationary state, y*, is defined as follows: 
ln(y*) = (a/b)                                                                      (3) 
This kind of convergence occurs among regions which only differ in the initial level of productivity and 
have the same factors determining the stationary state, represented by the coefficient a. 
However,  if  a  is  not  constant  across  regions,  the  model  will  be  wrongly  specified.  That  is  a 
straightforward  assumption
[21].  This  fact  could  seriously  affect  the  robustness  of  the  convergence 
coefficient and lead to misleading results and conclusions about the convergence process.  
Starting  from  the  Solow’s  model  with  technical  progress  and  assuming  a  Cobb-Douglas  production 
function of the type Yt= K
a
t(AtLt)
1-a, the productivity stationary state, y*, is estimated as follows: 
y* = A0e
lT[s/(n￿+l+d)]
a/(1-a)                                                        (4) 
where s expresses the rate of saving; l and n are, respectively, the rates of growth of technology (A) and 
labour  force;  and  d is  the  depreciation  rate.  The  stationary  state  of  a  region  depends  on  the  vector 
v = (A0, s, n, l, d, a). Absolute convergence implied that the vector elements must be the same for all the 
regions considered. In contrast, the concept of conditional convergence allows to consider differences in 
the determinants of the stationary state in each region.      
The most usual methodology to estimate conditional convergence consists in adding in the right side of 
equation  (1)  appropriate  variables  which  identify  the  differences  in  the  stationary  states.  However, 
explicitly controlling for these variables is not an easy task and it requires knowing exactly which factors 
determine the stationary state:  
 (1/T) ln (yi,t/yi,0) = a - bln yi,0 ￿￿+ PXi,t + ui,t                                           (5) 
P  is a structural parameter attached to Xi,t, a set of variables included in the equation with the aim of 
controlling the differences in the stationary states. If b has the correct sign and one of the variables is 
significant, then, conditional b-convergence will be identified.  
This notion of convergence is less restrictive than absolute convergence and allows a series of relevant 
explanatory variables to be introduced. The difference between equation (1) and (5) is that the stationary 
states could differ among regions. In this sense, the level of productivity in the stationary state derived 
from (5) would be: 
ln (yi*) = (a+PXi,t )/b                                                            (6) 
The long-term equilibrium level depends on a set of structural variables which can vary across the diverse 
economic areas.  
Although this methodology tries to identify different stationary states through the inclusion of explanatory 
variables, many of the differences among regions are not captured by cross-sectional regressions. When 
relevant  unobserved  factors  which  determine  the  stationary  states  are  omitted,  the  efficiency  of  the 
estimators  is  reduced.  Therefore,  the  cross-sectional  analysis  and  the  rate  of  convergence  could  be 
downward biased because of the omitted variables
[19, 20].   6
In order to avoid this bias and better capture the unobserved heterogeneity among regions, panel data 
techniques are used
[22].  In fact, the estimation of the convergence equation with panel data techniques has 
been  implemented  in  recent  studies  related  to  economic  convergence
[23,  24,  25,  26,  27].  This  leads  to 
significantly different results from those obtained from cross-sectional regressions
[19]. In this context, and 
since the usual practice considers a time gap between observations different from annual, the reference 
equation is as follows: 
(1/t) ln (yi,t/yi,t-t) = ai +lt - bln yi,t-t +ui,t                                              (7) 
where ai and lt are, respectively, the individual and time-fixed effects; and t denotes the number of years 
between t-t and t. The inclusion of lt allows us to capture global shocks which are common to all regions 
like the technological change and other components influencing the productivity growth rate.   
When we include the individual fixed effects, the hypothesis of conditional convergence is tested since 
each ai captures the variables determining the long-term stationary state of each region. The levels of 
productivity in the stationary state would be:  
ln (y*) = (ai/b)                                                                    (8) 
The results can not be interpreted as an approximation of the productivity levels among regions. The rate 
of convergence just informs about the speed at which each region converges to its own stationary state. 
4. Data issues 
The analysis has required data on agriculture productivity, measured as the real GVA per worker at basic 
prices. These data are provided by Cambridge Econometrics European regional database for the period 
1985-2004. Being designed to cover all EU regions, this database makes comparative analyses possible. 
Additionally, it fills the important information gap in Eurostat regional database for several sector and 
regional variables, such as production, employment or investment. Cambridge Econometrics database 
enables to get time and spatial information for the whole period of time and regions selected, under the 
same methodology of ESA-95 (European System of Accounts).  
When it comes to selecting the territorial unit, it is important that the largest regions are not overvalued in 
the set of used data. This could happen if we limit the information to NUTS2 level
2. To get a greater 
homogeneity we have used a combination of the different NUTS levels. The selected sample includes 125 
EU-15 territorial units: Belgium (2), Denmark (1), Germany (10), Greece (13), Spain (17), France (22), 
Ireland (1), Italy (20), Luxembourg (1), Netherlands (4), Austria (3), Portugal (7), Finland (5), Sweden 
(8) and United Kingdom (11). The detailed list may be found in the Appendix A.   
Some regions have been eliminated: regions of Eastern Germany by lack of data for the whole period
3; 
Brussels and London because of their insignificant levels of agricultural production and employment 
which could distort the results; and the overseas territories of France because of their periphery location, 
as well as Ceuta and Melilla.   
Figure 1 shows the regional agricultural productivity relative to the EU-15 mean in 1985 and 2004. Two 
conclusions can be drawn from this figure. Firstly, there are considerable differences across regions. In 
1985, the productivity in Madeira is only 13% of EU-15 average, while in Mellersta Noorland it was 




                                                 
2 The Nomenclature of Territorial Units for Statistics (NUTS) was created by Eurostat with the purpose of doing a 
unique and uniform breakdown of territorial units of the EU. The NUTS is a hierarchical classification where each 
member State is divided into a number of NUTS1 regions, each one of them, at the same time, is divided into a 
number of NUTS2 regions and, at the same time, they divide into NUT3 regions 
3 These regions are Berlin, Brandemburg, Mecklenburg-Vorpommern, Sachsen, Sachsen-Anhalt and Thuringen   7
 



























































Source: Cambridge Econometrics. Own elaboration 
 
Figure 1. Agricultural productivity relative to the EU-15 average, 1985 and 2004 
5. Agricultural productivity convergence as an approximation to the 
stationary state 
Table 1 illustrates the results of testing agricultural absolute convergence with cross-sectional data. The 
OLS  regression  has  been  estimated  using  White’s  correction  for  heteroskedasticity  to  get  consistent 
standard errors. The coefficient of initial productivity is negative and significant. The annual speed of 
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very slow. That means that in 2004 the European agricultures were still very far away from a hypothetical 
common stationary state.   
To test if the convergence process has been homogeneous or not we break down the period of time into 
two intervals, 1985-1994 and 1994-2004. Our aim is to evaluate the effect of the 1992 CAP reform on the 
convergence process since such reform starts to have effect one or two years later.   
The Wald test is used to prove if b is constant throughout the time. This test shows that the b estimation is 
stable between sub-periods. In 1985-1994, the annual speed of convergence is 1.50%, therefore, absolute 
convergence  seems  to  have  taken  place.  In  the  period  1994-2004  the  speed  of  the  process  has  lost 
significance and has decreased until the rate of 0.85%. 
Table 1. Absolute b-convergence in agricultural productivity, 1985-2004 
  Constant  b  F  R
2  b b b b        Obs. 
1985-2004  0.062*  -0.008**  5.41**  0.084  0.91%  125 
1985-1994  0.083*  -0.016*  9.54*  0.091  1.50%  125 
1994-2004  0.065*  -0.009***  2.85**  0.036  0.85%  125 
Wald test
(1)     F(1,123) = 1.90      p= 0.170 
Source: Cambridge Econometrics. Own elaboration  
Notes: Estimation method: White estimator of robust standard errors  
*, ** and *** Statistical significance at the 99%, 95% and 90% confidence level, respectively 
(1) Beta test stability, using the Wald test, tests the hypothesis that beta does not vary across periods 
 
These results confirm that convergence weakens since the second half of the nineties. The integration into 
the EU in 1995 of Austria, Sweden and Finland -countries with high agriculture productivity- and the 
1992 CAP reform do not seem to have favoured a greater approximation among the efficiency levels of 
agricultures.  
Although  there  is  absolute  convergence,  the  process  is  not  unlimited;  the  explanatory  power  of  the 
estimations is low. The results suggest that there are other variables determining the productivity growth 
which show the existence of different stationary states. In this case, the b parameter could be under-
estimated.  
The presence of important heterogeneities in European agricultures is a fact. Agricultures are integrated in 
a common market and are regulated by a common policy. However, each of them has a different sector 
structure  in  terms  of  dimension,  specialization,  qualification  of  the  labour  force,  geographical 
localization, climatology, external economies. Such factors have a different impact on the evolution of 
productivity at regional level. Therefore, the stationary state of productivity is expected to vary across 
agricultures.  
A regional conditional convergence model is estimated in the pursuit of identifying the differences across 
the stationary states. We select a set of variables that, a priori, could explain those differences (table 2). 
The hypothesis of conditional convergence is accepted if b coefficient is significant and negative and, at 
least, one of the explanatory variables is significant as well.  
We take into consideration the role of the CAP as a potential conditioning factor in productivity. We try 
to  find  out  whether  its  intervention  mechanisms  have  provided  an  incentive  for  agricultures  to  gain 
competitiveness and efficiency and to reduce disparities or not.    
Given the lack of complete official data, we have taken CAP-related data from the European Commission 
Survey “Study on the Impact of Community Agricultural Policies on Economic and Social Cohesion”
 [28]. 
The study contains information about direct payments and market price support at regional level for the 
years 1989, 1994 and 1996. Unfortunately, there is no information for the initial year of the period. 
Because  of  that,  we  use  data  for  the  year  1989,  the  closest  one  to  the  initial  year,  so  that  we  lose 
information for the regions of Austria, Sweden and Finland
4.  
 
                                                 
4 Data are not available for the English regions of North East, North West and South East for the years 1989 and 
1994.  In  1996  there  are  data  for  Austria,  Sweden  and  Finland,  but  the  information  is  not  available  in  the 
aforementioned English regions and in three Swedish regions    9
We  have  introduced  in  the  convergence  equation  the  weight  these  payments  represent  in  the  sector 
production.  Data  have  been  expressed  in  constant  prices  using  the  national  Gross  Domestic  Product 
(GDP) deflator. A priori, if the CAP has contributed to productivity growth, the sign of its parameter must 
be positive and significant.    
Sector-specific investment might also be related to the productivity growth. If technology is incorporated 
in capital goods, their increase could speed the introduction of technological progress and improve sector 
efficiency. To capture this effect, the real investment per worker at the initial year has been also included 
in the equation. 
Several pieces of empirical evidence underline the importance of human capital as productivity growth 
source
[29, 30]. Human capital improves farmers’ management skills and enhances efficiency in the use of 
the  productive  factors.  Human  capital  also  improves  the  performance  of  physical  and  technological 
capital so that, indirectly, it influences productivity. Both effects increase productivity and affect the 
stationary state. From the year 2000 onwards, Eurostat publishes the percentage of farmers with basic and 
full education attained at regional level in the Farm Structure Survey (endnote 1). It does, therefore, not 
provide information for the beginning of the period. With the available data, we decided to consider this 
percentage for the year 2000 as a mean value of the period, so that we introduced it into the model
5.  
Agricultural sector migration is another conditioning variable on productivity. The loss of agricultural 
employment has led to considerable productivity increases. To take this into account, we have calculated 
the sector-migration rate towards the rest of productive sectors, following the methodology of Larson and 
Mundlak
[31]  and  Gutiérrez
[14].  Without  migrations,  agricultural  and  non-agricultural  employment  had 
grown at the same rate of overall employment. Deviations from this rate are due to migration, so that the 
total number of emigrants from agricultural sector can be calculated as:       
  Mt = (1+n)L0 -Lt                                                                   (9) 
where n is the growth rate of total labour force at regional level during the whole period; L0 and Lt are, 
respectively, the level of agriculture employment in the initial and final year. If we divide Mt by L0 and 
calculate the mean ratio for the period 1985-2004, we obtain the mean migration rate. 
Table 2. Explanatory variables considered in the analysis 
Notation  Measure  Description  Source 
yi,0  Ln(yi,0) 
Logarithm of agricultural 
productivity in region i in the 
initial year 
Cambridge Econometrics 
 CAP0  (CAP/GVA)i,0 
Weight of CAP market support 
in agricultural production in 
region i in the initial year 
European Commission (2001) 
 
Cambridge Econometrics 
I0  ln(I/L)i,0 
Logarithm of agricultural 
investment per worker in region 
i in the initial year 
Cambridge Econometrics 
HC  (FarmerEdu/Farmers)i,2000*100 
Percentage of farmers with basic 
and full education attained in 
region i in the year 2000 
Farm Structure Survey (Eurostat) 
MRt  [((1+n)Li,0 –Li,t)/Li,0]/T  Mean agricultural migration rate 
in region i in the period [0,t]  Cambridge Econometrics 
Source: Own elaboration 
 
Table  3  illustrates  the  results  of  estimations  for  the  sub-periods.  In  1985-2004  and  in  1985-1994 
estimations only include EU-12 regions. In 1994-2004 we have used 1996 CAP data to consider EU-15 
regions. 
Statistically significant b-convergence is observed across the whole period and it is due to the behaviour 
of the productivity in 1994-2004. The value of the parameter involves an annual speed of convergence 
around 1.6%. 
                                                 
5 Data are not available for Sweden and the Finnish regions of Saarland and Aland   10
Table 3. Conditional b-convergence in agricultural productivity, 1985-2004 
Estimated equation 
(1/T)￿yi,t = a + b1yi,0+b2 CAP+b3I+b4HC+b5MR+ui,t   
  1985-2004  1985-1994  1994-2004 
a  0.057*  0.052**  0.082* 
y0  -0.014*  -0.016**  -0.025* 
CAP  -0.000  -0.000  0.000 
I  0.003**  0.004  0.006 
HC  0.000  0.000  0.000*** 
MR   0.500*  0.987*  0.360 
F  4.29*  9.70*  4.99* 
R
2  0.269  0.348  0.201 
b  1.64  1.71  2.87 
Obs.  104  104  112 
Source: Cambridge Econometrics, Eurostat and European Commission. Own elaboration 
Notes: Estimation method: White estimator of robust standard errors 
*, ** and *** Statistical significance at the 99%, 95% and 90% confidence level, respectively 
 
The sector investment and the migration rate are the only significant conditioning variables registering the 
expected sign in the period 1985-2004. Ceteris paribus, an investment improvement related to sector 
production increases the rate of productivity growth. Agricultures with low levels of investments have a 
great potential to develop in this way. Future increases in their capital gross formation will mean higher 
productivity growth. The fact that investment is only significant in the whole period means that its effect 
takes place in the long term.       
The migration rate is also a decisive factor of productivity growth. This result is not surprising if we bear 
in mind that the loss of sector labour force is in part due to the mechanization which increases sector 
productivity. Additionally, the migrations of the workers together with the greater skills of remaining 
workers  cause  favourable  effects  on  growth  productivity  in  this  period.  De  la  Fuente  and  Freire
[32], 
Gutiérrez
[14] and Raymond and García-Greciano
[33] find similar evidence. This result may support the idea 
that migration from agriculture to the rest of economic sectors has positively influenced the intra-sector 
convergence. However, this significant effect seems to have disappeared in the recent period.  
In relation to the levels of  human capital, the results differ from expected. Although  theoretical and 
technical knowledge have been essential to reduce disparities and to improve food security
[34] they do not 
seem  to  have  a  significant  effect  on  productivity  growth.  However,  in  the  period  1994-2004  certain 
statistical significance is observed. Alfranca
[35] and Serrano
[36] reach a similar conclusion. One reason for 
this result could be that the indicator used is not suitable because it does not refer to the initial period. In 
addition, human capital measurement is complex. Different perspectives of knowledge must be taken into 
account: education, labour experience, learning by doing or workers skills. Our explanatory variable does 
not consider all those aspects. In many studies, the results about the relation between education and 
productivity have been disappointing. To a large extent, it is due to the indicators used
[37]. 
In regard to the CAP, its coefficient is not significant. This result calls into question the role of the CAP 
as an important factor in increasing productive efficiency. From the side of a support market policy, 
Continental  productions  have  strongly  benefited  from  the  CAP.  In  this  sense,  the  CAP  could  have 
interfered in productive specialisation and impeded the exploitation of competitive advantages of each 
agriculture.  Moreover,  other  studies  also  argument  that  the  effect  of  CAP  payments  is  exerted  by 
maintaining more sector labour force than required, difficulting productivity gains
[38]. 
As a result of the 1992 CAP reform, direct payments as mechanisms of market support were introduced. 
This concern may explain why the change seems not to have a positive effect on productivity growth. The 
reform could slow down structural change. Direct payments may have stimulated small farmers to remain 
as formal farm holders in order to receive these payments even though they are often not fit enough to 
farm the land because of their advanced age, being employed in other sectors or even living in urban 
areas
[39]. This could help to explain why migration rate is not a decisive factor to explain productivity 
growth any longer in the period 1994-2004.     11
These conclusions need to be taken cautiously. The non-significance of the CAP first pillar support could 
also indicate that its effect on intra-sector convergence has been too small to be detected. In fact, the CAP 
support is relatively small compared to other financial sources and only a few farms receive this support 
(in the eighties, 80% of support ended up in 20% of farms
[40]). Moreover, its lack of significance could be 
due to potential mis-specification of the CAP information in this period. Anyway, the non-significance of 
the CAP may not be interpreted as lack of effectiveness.  
Nevertheless,  the  estimated  cross-sectional  model  does  not  capture  the  impact  of  other  determining 
productivity factors remaining in the disturbance regression term. This estimation might be inappropriate 
because the convergence parameter could be biased due to omitted variables. With a model of individual 
fixed effects in panel data, the unobserved omitted variables which explain time-invariant heterogeneity 
among regions are captured. 
The  inclusion  of  125  regional  dummies  enables  to  consider  region-specific  factors  such  as  factor 
endowment,  level  of  technology,  localization  and  other  intangible  elements  as  farm  management, 
innovation  capacity  or  dynamic  externalities.  Moreover,  including  time  dummies  in  the  regression 
common events for the whole sample of regions can be captured.  
Table 4 reports the estimation of equation (7). We have used three-year time intervals (t=3) from 1986 to 
2004 in order to have homogeneous intervals of time. That results in 7 time observations. If we introduce 
annual periods, cyclical disturbances could hide  the long-term dynamics. Moreover,  we do not  have 
estimated the model in both sub-periods because in the case of short samples, the estimated speed of 
convergence could be upward biased
[41, 42].      
The  Hausman  test  shows  the  significance  of  fixed  effects  estimator.  The  joint  significance  test  of 
dummies lets us confirm that region-specific effects are statistically significant. The model fit notably 
improves (0,612) and it does not present autocorrelation problems (Durbin-Watson test for panel data 
close to 2). The annual speed of conditional convergence is 28.3%, higher than the obtained in cross-
sectional estimations (see tables 1 and 3).    
Table 4. Conditional b-convergence in a fixed effects model, 1986-2004 (t= 3) 
  1986-2004 
b  -0.191* 
implicit b￿  28.3% 
maximun ai   0.896* 
minimum ai    0.326* 
Hausman test  272.40* 
Joint significance test 
of dummies  3.57* 
Durbin-Watson  1.70 
Obs.  750 
F  14.38* 
R
2  0.612 
Source: Cambridge Econometrics. Own elaboration  
Notes: Estimation method: White estimator of robust standard errors 
    Time dummies, not shown for space reasons, are significant 
*, ** and *** Statistical significance at the 99%, 95% and 90% confidence level, respectively 
 
Table 4 also illustrates the differences in the stationary states, reflected in the individual fixed effects (ai). 
They  are  too  far  from  each  other.  The  stationary  states  are  reported  in  the  Appendix  B,  following 
expression (8). The highest value corresponds to the Swedish region of Mellersta Norrland (325% of the 
European  average)  and  the  smallest  to  Madeira  (16%  of  the  average).  Therefore,  in  the  long  term, 
productivity disparities across agricultures will persist.    
Figure 2 shows the relation between the stationary state and the initial agricultural productivity. There is a 
strong positive correlation between both variables. Regions with higher levels of productivity in 1985 
maintain higher levels in their stationary states. On the contrary, regions with low productive values 
converge to low levels of stationary states. The specific factors included in the individual effects make 


















Figure 2. Agricultural productivity in 1985 vs. estimated stationary state relative to the EU-15 mean 
 
The evidence found seems to reject the hypothesis of absolute convergence, as long as wide differences in 
productivity persist in the long term. The rate of convergence is higher in the panel data model, since the 
model implies convergence to the own regional stationary state.  
6. Conclusions 
In this paper we have analysed the evolution of agricultural labour productivity for a set of 125 EU-15 
regions from 1985 to 2004. The initial assumption is that in spite of integration process, agricultural 
productivities do not converge to the same level of  stationary state. Endogenous factors determining 
productivity in each region have limited the convergence.  
In  the  light  of  results,  convergence  occurs  to  different  levels  of  productivity.  When  we  use  control 
variables of the stationary states the speed of convergence increases. Agricultures with more resources 
aimed at investment and those that have lost more agricultural labour force, register higher productivity 
gains and achieve a higher stationary state. Variables such as human capital and CAP support do not have 
a significant impact on the productivity growth.   
If we consider region-specific peculiarities through a panel data model with fixed effects, conclusions 
confirm the initial hypothesis. Each agriculture converges to its own stationary state. Such states differ to 
each other, perpetuating productivity differences. The less efficient agricultures will be the backwards 
ones since they will not get the efficiency levels of the most productive agricultures. 
From the economic policy point of view, the main conclusion of this piece of work is that 1992 CAP 
reform  and  the  direct  payments  that  reform  implied,  have  not  contributed  to  reduce  intra-sector 
divergences. CAP objectives should be redefined, in such a way that investment would be stimulated.    
In any case, the results need to be cautiously considered given the lack of data. This is a common problem 
in the literature since EU sector-wide regional databases are not enough developed yet. For instance, there 
is no information about agricultural capital endowment, either public or private; neither an indicator about 
sector innovation; human capital data are not complete; and no official data about CAP support and its 
different types of instruments are available. As long as the territory has a more and more privileged role 
in public interventions, the EU should make an effort to improve and expand the data availability. This 
could favour a greater knowledge of agricultural regional sectors and a better design of sector policies.          
Source: Cambridge Econometrics. Own elaboration  
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Endnotes 
1. According to the European Commission this indicator is defined as follows: 
- Only practical agricultural experience: experience acquired through practical work on an agricultural 
holding. 
- Basic agricultural training: any training courses completed at a general agricultural college and/or an 
institution specialising in certain subjects such as horticulture, viticulture, sylviculture, among others. A 
completed agricultural apprenticeship is regarded as basic training. 
- Full agricultural training: any training course continuing for the equivalent of at least two years full 
time training after the end of compulsory education and completed at an agricultural college, university 
or other institute of higher education in agriculture, horticulture, viticulture, sylviculture, agricultural 
technology or an associated subject. 
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BELGIUM (NUTS 2) 
BE2 Vlaams Gewest   
BE3 Region Walonne 
 
DENMARK (NUTS 2) 
  DK Denmark 
 












GREEK (NUTS 2) 
GR11 Anatoliki Makedonia 
GR12 Kentriki Makedonia 
GR13 Dytiki Makedonia 
GR14 Thessalia 
GR21 Ipeiros 
GR22 Ionia Nisia 
GR23 Dytiki Ellada 
GR24 Sterea Ellada 
GR25 Peloponnisos 
GR3   Attiki 
GR41 Voreio Aigaio 
GR42 Notio Aigaio 
GR43 Kriti 
 




ES21 País Vasco 
ES22 Navarra 
ES23 La Rioja 
ES24 Aragón 
ES3   Madrid 
ES41 Castilla-León 
ES42 Castilla-La Mancha 
ES43 Extremadura 
ES51 Cataluña 









FRANCE (NUTS 2) 




















FR82 Prov-Alpes-Cote d'Azur 
FR83 Corse 
 
IRELAND (NUTS 1) 
  IE Ireland 
 
ITALY (NUTS 2) 
ITC1 Piemonte 
ITC2 Valle d'Aosta 
ITC3 Liguria 
ITC4  Lombardia 
ITD1-2 Trentino-Alto Adige 
ITD3 Veneto 















LUXEMBOURG (NUTS 2) 
























PT2   Acores 
PT3   Madeira 
 





FI2    Åland 
 
SWEDEN (NUTS 2) 
SE01 Stockholm 
SE02 Ostra Mellansverige 
SE04 Sydsverige 
SE06 Norra Mellansverige 
SE07 Mellersta Norrland 
SE08 Ovre Norrland 
SE09 Smaland med oarna 
SE0A Vastsverige 
 
U. KINGDOM (NUTS 1) 
UKC North East 
UKD North West 
UKE Yorkshire and the Humber 
UKF East Midlands 
UKG West Midlands 
UKH Eastern (East of England) 
UKJ  South East 
UKK South West 
UKL Wales 
UKM Scotland 




Appendix A. Selected regions Appendix B. Productivity stationary state (S.S.) in the fixed effects model 
(EU-15=100) 
 
Region  S.S    Region  S.S 
BE2 Vlaams Gewest  147    FR82 Provence-Alpes-Côte d'Azur  186 
BE3 Région Wallonne  139    FR83 Corse  102 
DK Denmark   174    IE Ireland    113 
DE1 Baden-Württemberg  96    ITC1 Piemonte  106 
DE3 Bayern  77    ITC2 Valle d'Aosta/Vallée d'Aoste  37 
DE5 Bremen  148    ITC3 Liguria  139 
DE6 Hamburg  105    ITC4 Lombardia  193 
DE7 Hessen  91    ITD1-2 Trentino-Alto Adagio  97 
DE9 Niedersachsen  140    ITD3 Veneto  115 
DEA Nordrhein-Westfalen  109    ITD4 Friuli-Venezia Giulia  118 
DEB Rheinland-Pfalz  100    ITD5 Emilia-Romagna  109 
DEC Saarland  82    ITE1 Toscana  124 
DEF Schleswig-Holstein  126    ITE2 Umbria  111 
GR11 Anatoliki Makedonia, Thraki  38    ITE3 Marche  101 
GR12 Kentriki Makedonia  49    ITE4 Lazio  104 
GR13 Dytiki Makedonia  66    ITF1 Abruzzo  93 
GR14 Thessalia  56    ITF2 Molise  60 
GR21 Ipeiros  37    ITF3 Campania  61 
GR22 Ionia Nisia  34    ITF4 Puglia  67 
GR23 Dytiki Ellada  41    ITF5 Basilicata  60 
GR24 Sterea Ellada  65    ITF6 Calabria  48 
GR25 Peloponnisos  45    ITG1 Sicilia  69 
GR3 Attiki  81    ITG2 Sardegna  72 
GR41 Voreio Aigaio  65    LU Luxembourg  122 
GR42 Notio Aigaio  89    NL1 Noord-Nederland  165 
GR43 Kriti  45    NL2 Oost-Nederland  126 
ES11 Galicia  46    NL3 West-Nederland  162 
ES12 Asturias  39    NL4 Zuid-Nederland  103 
ES13 Cantabria  82    AT1 Ostösterreich  126 
ES21 Pais Vasco  128    AT2 Südösterreich  95 
ES22 Navarra  118    AT3 Westösterreich  93 
ES23 La Rioja  139    PT11 Norte  20 
ES24 Aragón  92    PT16 Centro  23 
ES3 Madrid  47    PT17 Lisboa  65 
ES41 Castilla y León  82    PT18 Alentejo  68 
ES42 Castilla-La Mancha  106    PT 15Algarve  48 
ES43 Extremadura  80    PT2 Açores   24 
ES51 Cataluña  92    PT3 Madeira   16 
ES51 C.Valenciana  76    FI13 Itä-Suomi  142 
ES53 Illes Balears  136    FI18 Etelä-Suomi  125 
ES61 Andalucia  96    FI19 Länsi-Suomi  112 
ES62 Murcia  90    FI1A Pohjois-Suomi  117 
ES7 Canarias  61    FI2 Åland  140 
FR1 Île de France  153    SE01 Stockholm  79 
FR21 Champagne-Ardenne  319    SE02 Östra Mellansverige  155 
FR22 Picardie  221    SE04 Sydsverige  170 
FR23 Haute-Normandie  183    SE06 Norra Mellansverige  238 
FR24 Centre  177    SE07 Mellersta Norrland  325 
FR25 Basse-Normandie  124    SE09 Övre Norrland  312 
FR26 Bourgogne  215    SE09 Småland med öarna  179 
FR3 Nord - Pas-de-Calais  181    SE0A Västsverige  136 
FR41 Lorraine  191    UKC North East  119 
FR42 Alsace  233    UKD North West  123 
FR43 Franche-Comté  152    UKE Yorkshire and The Humber  138 
FR51 Pays de la Loire  145    UKF East Midlands  148 
FR52 Bretagne  158    UKG West Midlands  140 
FR53 Poitou-Charentes  154    UKH Eastern  149 
FR61 Aquitaine  182    UKJ South East  102 
FR62 Midi-Pyrénées  124    UKK South West  127 
FR63 Limousin  102    UKL Wales  83 
FR71 Rhône-Alpes  130    UKM Scotland  127 
FR72 Auvergne  108    UKN Northern Ireland  86 
FR81 Languedoc-Roussillon  157       
Source: Cambridge Econometrics. Own elaboration 